
Stormwater Status 

& Trends 
Monitoring 

an integrated comprehensive stormwater 
monitoring program for the Puget Sound basin



Initially focused on

Freshwater Streams, and



Marine 

Nearshore 

habitats



not  covered in this presentation….. 

the  so called

‘Pay-in’ option

or, the organizational structure of the NPDES permit 

…or does the ‘pay-in’ option make you part 
of the Coalition of the Willing?



Freshwater Recommendations
Key Principles

• coordinates and builds on existing 

local programs

• uses existing  and consistent 

methodology for wadeable streams

• watershed/WRIA scale nested design

• link with source ID

• local impacts of stormwater pollution 

quantifiable 

• support and link to salmon recovery 
and basin-wide Puget Sound Clean-up 
efforts



Status and trends

Source ID

Program effectiveness

WRIAs

Local and regional

except for 

island counties

Watershed Based



“



Watershed Based

For example:

50 sites from 
statewide master 
sample for the 
Puget Sound



Watershed Based

e x p a n d a b e

could add 

additional sites 

from state-wide 

master sample  

in a particular 

WRIA

builds on 

existing local 

programs



PROBABILISTIC DESIGN

equal weighting by 

area
n = 30 sites

Simple 

Random 

Sampling
Example for WRIA 8 Cedar-Sammamish



PROBABILISTIC DESIGN
Stratified 

Random 

Sampling

n = 30 sites

20 urban 

10 non-urban sites

sampling stratified 

by factor related to 

the  generation of 

pollutants in 

stormwater

Example for WRIA 8 Cedar-Sammamish



PROBABILISTIC DESIGN
Example, WRIA 1 Nooksack

Simple 

Random 

Sampling

equal weighting by area

n = 30 sites



PROBABILISTIC DESIGN
Example, WRIA 1 Nooksack

Stratified 

Random 

Sampling

sampling stratified by factor assumed 

to generate pollutants in stormwater

n = 30 sites

20 urban 

10 non-urban sites



Freshwater: Parameters
Parameter Frequency Site Selection NPDES (√ )

Water Quality Index* Annual Random, UGA/rural,
2-3 order (wadeable) 
streams

√

Aquatic Benthic Macroinvertebrates Annual Random, UGA/rural,
2-3 order (wadeable) 
streams

√

Stream Physical features:  channel
type & shape, riparian condition, 
sediment, LWD, 

Annual Random, UGA/rural,
2-3 order (wadeable) 
streams

No

Fish diversity, abundance Annual Random, UGA/rural,
2-3 order (wadeable) 
streams

No

* WQI will need to be calibrated for Puget Lowland streams



single index 
number for 
comparability

NPDES
annual
2-3 order streams 
urban / rural



Freshwater: Parameters
Parameter Frequency Site Selection NPDES (√ )

Water Quality Index* Annual Random, UGA/rural,
2-3 order (wadeable) 
streams

√

Aquatic Benthic Macroinvertebrates Annual Random, UGA/rural,
2-3 order (wadeable) 
streams

√

Stream Physical features:  channel
type & shape, riparian condition, 
sediment, LWD, 

Annual Random, UGA/rural,
2-3 order (wadeable) 
streams

No

Fish diversity, abundance Annual Random, UGA/rural,
2-3 order (wadeable) 
streams

No

* WQI will need to be calibrated for Puget Lowland streams



This program is an 
example of proposed 
regionally  coordinated 
data collection and data 
management 

NPDES
annual
2-3 order streams 
urban / rural



Freshwater: Parameters
Parameter Frequency Site Selection NPDES (√ )

Water Quality Index* Annual Random, UGA/rural,
2-3 order (wadeable) 
streams

√

Aquatic Benthic Macroinvertebrates Annual Random, UGA/rural,
2-3 order (wadeable) 
streams

√

Stream Physical features:  channel
type & shape, riparian condition, 
sediment, LWD, 

Annual Random, UGA/rural,
2-3 order (wadeable) 
streams

No

Fish diversity, abundance Annual Random, UGA/rural,
2-3 order (wadeable) 
streams

No

* WQI will need to be calibrated for Puget Lowland streams



physical features
channel type

riparian conditions

large woody debris

annual
2-3 order 
streams 
urban / rural



Freshwater: Parameters
Parameter Frequency Site Selection NPDES (√ )

Water Quality Index* Annual Random, UGA/rural,
2-3 order (wadeable) 
streams

√

Aquatic Benthic Macroinvertebrates Annual Random, UGA/rural,
2-3 order (wadeable) 
streams

√

Stream Physical features:  channel
type & shape, riparian condition, 
sediment, LWD, 

Annual Random, UGA/rural,
2-3 order (wadeable) 
streams

No

Fish diversity, abundance Annual Random, UGA/rural,
2-3 order (wadeable) 
streams

No

* WQI will need to be calibrated for Puget Lowland streams



annual
2-3 order streams
urban / rural



Freshwater:  Parameters
Parameter Frequency Site Selection NPDES (√ )

Sediment Toxics
Metals: antimony, arsenic, cadmium, 
chromium, copper, lead, mercury, 
silver, zinc, PAH, Pesticides, 
Phthalates, Dioxins/furans, PBDE, 
Hormone disrupting chemicals

Annual Random, UGA/rural,
2-3 order 
(wadeable) streams

√

Flow Continuous Min. 13 Non-
random, GIS analysis 
of current 
distribution over 
next 9-12 month

√

Temperature Continuous Non-random, 
associated with flow 
gauges

√

Periphyton Annual Random, UGA/rural,
2-3 order 
(wadeable) streams

√



– this is expensive

NPDES
annual
2-3 order streams 
urban / rural

At, Ar, Cr, Cu, Pb, Hg, 
Ag, Zn, PAH, 
pesticides, pthalates, 
diox/furans, PBDE, 
EDC’s



Freshwater:  Parameters, cont.
Parameter Frequency Site Selection NPDES (√ )

Sediment Toxics
Metals: antimony, arsenic, cadmium, 
chromium, copper, lead, mercury, 
silver, zinc, PAH, Pesticides, 
Phthalates, Dioxins/furans, PBDE, 
Hormone disrupting chemicals

Annual Random, UGA/rural,
2-3 order 
(wadeable) streams

√

Flow Continuous Min. 13 Non-
random, GIS analysis 
of current 
distribution over 
next 9-12 month

√

Temperature Continuous Non-random, 
associated with flow 
gauges

√

Periphyton Annual Random, UGA/rural,
2-3 order 
(wadeable) streams

√



http://www.google.com/imgres?imgurl=http://www.envcoglobal.com/files/MO-ON-UTBI-001-L.jpg&imgrefurl=http://www.envcoglobal.com/catalog/product/single-parameter-instruments/tidbit-temperature-data-logger-v2.html&usg=__Js0bb7CfECObjo-5FGz3bc4PE2E=&h=400&w=400&sz=57&hl=en&start=1&itbs=1&tbnid=ZUgH9pUhMenHdM:&tbnh=124&tbnw=124&prev=/images?q=tidbit+temperature+probes&hl=en&safe=active&gbv=2&tbs=isch:1


Freshwater:  Parameters, cont.
Parameter Frequency Site Selection NPDES (√ )

Sediment Toxics
Metals: antimony, arsenic, cadmium, 
chromium, copper, lead, mercury, 
silver, zinc, PAH, Pesticides, 
Phthalates, Dioxins/furans, PBDE, 
Hormone disrupting chemicals

Annual Random, UGA/rural,
2-3 order 
(wadeable) streams

√

Flow Continuous Min. 13 Non-
random, GIS analysis 
of current 
distribution over 
next 9-12 month

√

Temperature Continuous Non-random, 
associated with flow 
gauges

√

Periphyton Annual Random, UGA/rural,
2-3 order 
(wadeable) streams

√





Marine Nearshore Parameters

builds on existing programs and       

previous work

focuses on larger scale status 

and trends

nearshore monitoring is still in 

development phase

Marine Key Principals



possible geographic scale 
coordinated with Washington 
Department of Health Shellfish 
harvest data



Marine Nearshore Parameters

Parameter Frequency Site Selection NPDES (√ )

Resident Fish 
lesions?

no

Forage fish 
spawning 
abundance & 
distribution?

no

Fecal coliform Quarterly Randomly selected at 
Puget Sound scale

√

Sediment toxicity Annually Randomly selected at 
depositional areas in 
Puget Sound

√

Mussel Watch
Bioaccumulation 
toxicity

Eventually annual. 
May need iterative 
approach at first –
scoping/feasibility, 
develop a “guild” of 
species.  

Near Stormwater
Outfalls – site 
selection design to 
be determined

√



Not part of NPDES permit



Marine Nearshore Parameters
Parameter Frequency Site Selection NPDES (√ )

Resident Fish 
lesions?

no

Forage fish 
spawning 
abundance & 
distribution?

no

Fecal coliform Quarterly Randomly selected at 
Puget Sound scale

√

Sediment toxicity Annually Randomly selected at 
depositional areas in 
Puget Sound

√

Mussel Watch
Bioaccumulation 
toxicity

Eventually annual. 
May need iterative 
approach at first –
scoping/feasibility, 
develop a “guild” of 
species.  

Near Stormwater
Outfalls – site 
selection design to 
be determined

√



coordinate with 
existing programs

Not part of NPDES permit



Marine Nearshore Parameters
Parameter Frequency Site Selection NPDES (√ )

Resident Fish 
lesions?

no

Forage fish 
spawning 
abundance & 
distribution?

no

Fecal coliform Quarterly Randomly selected at 
Puget Sound scale

√

Sediment toxicity Annually Randomly selected at 
depositional areas in 
Puget Sound

√

Mussel Watch
Bioaccumulation 
toxicity

Eventually annual. 
May need iterative 
approach at first –
scoping/feasibility, 
develop a “guild” of 
species.  

Near Stormwater
Outfalls – site 
selection design to 
be determined

√



NPDES permit, probability sampling, quarterly



Marine Nearshore Parameters
Parameter Frequency Site Selection NPDES (√ )

Resident Fish 
lesions?

no

Forage fish 
spawning 
abundance & 
distribution?

no

Fecal coliform Quarterly Randomly selected at 
Puget Sound scale

√

Sediment toxicity Annually Randomly selected at 
depositional areas in 
Puget Sound

√

Mussel Watch
Bioaccumulation 
toxicity

Eventually annual. 
May need iterative 
approach at first –
scoping/feasibility, 
develop a “guild” of 
species.  

Near Stormwater
Outfalls – site 
selection design to 
be determined

√



NPDES

randomly selected

in depositional areas

annual



Marine Nearshore Parameters
Parameter Frequency Site Selection NPDES (√ )

Resident Fish 
lesions?

no

Forage fish 
spawning 
abundance & 
distribution?

no

Fecal coliform Quarterly Randomly selected at 
Puget Sound scale

√

Sediment toxicity Annually Randomly selected at 
depositional areas in 
Puget Sound

√

Mussel Watch
Bioaccumulation 
toxicity

Eventually annual. 
May need iterative 
approach at first –
scoping/feasibility, 
develop a “guild” of 
species.  

Near Stormwater
Outfalls – site 
selection design to 
be determined

√



NPDES

Near stormwater outfalls

locations to be determined

‘eventually’ annually
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Proposed Status and Trends 

Timeline

MOU/ILA

Final site 

selection/Access

Equipment/Training

2 years sampling
Analyses
Report

Recommendations

2012 2013 2014 2015 2016



‘Parking Lot’ 
not this cycle, but noted for future
• Prespawn mortality

• Nearshore physical habitat (eelgrass, etc)

• Resident and forage fish indicators – need to 
talk with PSAMP, WDFW, et al.

• Freshwater mussel/shellfish toxicity

• Volunteer efforts

• Regional monitoring linkage with individual 
jurisdiction permits

and now, lunch


